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量質混合アプローチに基づく工学教育モデル 
 
（内容の要旨） 
我が国においては STEM(Science, Technology, Engineering, Mathematics)教育が教育政
策に挙げられ，工学教育の増進が図られている．しかし，教育法の方向性が一貫しない
ことに起因した，学習者の学力や自己効力感の低下が指摘されている．ゆえに教育法に
対して影響を与える，提案者の立場による量性と質性の視点の差異や学習者の人数など
の条件によらない，教育モデルを導入した教育法が必要と考えられる． 
そこで，本研究では量質混合アプローチに基づく工学教育モデルの構築を目的とし，
モデルを規範に複数条件に対応させた教育法と評価法について，実現可能性を論じた． 
第 1 章では，本研究の背景となる工学教育に関する従来の研究について概説した． 
第 2 章では，教育法を量と質の混合問題と定義し，量質混合アプローチを教育法に適
用可能とする条件を整理してモデルベース混合研究法の必要性を論じた．そして，学習
者の自己効力感向上に寄与する教育法である形成的フィードバックの概念をブロック線
図で記述した．この独自の形成的フィードバック教育モデルに，工学教育上の学習と評
価に必要な条件を組み込むことで工学教育モデルを提案した．このモデルは，入力を達
成目標，出力を教育効果の量的評価とした．内部の外乱オブザーバには学習者の質的評
価と教育を担わせた．これにより，教育法をモデルベースに論ずることを可能とした． 
第 3 章では，量性と質性の視点や学習者の人数による違いによらない単一のモデルで
教育効果を評価するため，マルチフェーズ混合研究法の導入について論じた．すなわち
単一のモデルを用いたモデルベース混合研究法により構成された研究群を，複数のフェ
ーズとして並列に扱えるモデルベース・マルチフェーズ混合研究法を考案した．これに
より量質混合アプローチに基づく工学教育モデルによる教育効果の評価を可能とした． 
第 4 章では，第 2 章で示した工学教育モデルによる教育活動を実施するための教材に
関する選定と設計のプロセスを述べた．本研究においては力のつりあいの理解を達成目
標とし，関連する学力の質的評価を可能とする水中ロボット教材を開発した．  
第 5 章では，第 3 章で示したモデルベース・マルチフェーズ混合研究法に則って多人
数と少人数の 2 フェーズを計画し，第 4 章の教材を活用した少人数向けの教育法を実施
したことを述べた．事前と事後での学習状況の混合評価と，中途で得た質的観察評価に
対して混合研究法における収斂を行い，工学教育モデルを規範とする教育法の教育効果
の存在について検証した．その結果，水中ロボット教材を用いた工学教育モデルの妥当
性と，それに基づく教育活動による学力と自己効力感の向上が認められた． 
第 6 章では，多人数向けへの検証を目的として，2 年間実施したロボコンによる教育
法の教育効果について論じた．実施中での観察によって得られた質的評価とアンケート
結果で得られた混合評価に対して混合研究法における収斂を行った．その結果，工学教
育モデルの妥当性と，学力と自己効力感の向上が認められた．以上より，量質混合アプ
ローチに基づく工学教育モデルを用いた教育法と評価法が成立することを示した． 
第 7 章では，結論として各章で得られた内容をまとめ，本研究の成果を要約した． 
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In Japan, STEM (Science, Technology, Engineering and Mathematics) Education is adopted 
as one of the education policies, and the furtherance of engineering education is in progress. 
However, declines in academic skills and self-efficacy of learners, due to unsteady direction of 
education methods, are pointed out. Hence, education methods with education models, which are 
not dependent on difference in each proposer’s quantitative and qualitative points of view, the 
number of learners and other conditions, are thought to be necessary. Therefore, this thesis, with the 
purpose of developing an engineering education model based on an approach of mixed methods, 
which combines quantitative and qualitative methods, discusses a feasibility of an education 
method and an evaluation method adapted to multiple conditions on the basis of a proposed model. 
In Chapter 1, the background of this study and the previous research on engineering 
education were summarized. 
In Chapter 2, conditions on which the mixed methods approach can be applied to the 
education method were organized, and the necessity of a model-based mixed methods approach was 
discussed, by taking improvement of the education method as a problem of mixed methods research 
with respect to quantity and quality. A general idea of a formative feed-back, which was an 
education method that contributes to enhancing learners’ self-efficacy, was described in a block 
diagram. Furthermore, an engineering education model was proposed. In this model, conditions 
required for learning and evaluating engineering education were embedded in the above unique 
formative feed-back education model. The input of this model was an achievement goal, and its 
output was a quantitative evaluation of education effects. An inner disturbance observer carried a 
role to educate and qualitatively evaluate the leaners. Hence, the education method can be discussed 
on the basis of the proposed model.  
Chapter 3 introduced a concept of a multiphase mixed methods research in order to evaluate 
education effects by a single model which was not dependent on the quantitative and qualitative 
points of view or the number of learners. In other words, a model-based multiphase mixed methods 
approach was proposed. This approach can handle researches formed by the model-based mixed 
methods researches using the single model as multiple phases, in parallel. Thereby, this engineering 
education method enabled us to evaluate learning effects of the proposed engineering education 
model based on the mixed methods approach. 
In Chapter 4, a process of selecting and designing the teaching materials was discussed for 
engineering education of the model proposed in Chapter 2. In this research, the achievement goal 
was set to teach a balance of forces, and therefore, two types of underwater robots were proposed as 
the teaching materials, because they enabled qualitative evaluation of related academic skills. 
Chapter 5 described planning of two phases by the proposed engineering education model 
with respect to the number of learners: a large number and a small number, according to the 
model-based multiphase mixed methods research explained in Chapter 3. Then, it implemented an 
education method for a small number of students using one of the teaching materials described in 
Chapter 4. The effect of an education method was verified by converging mixed methods evaluation 
of learning status before and after implementation with qualitative observation results of the 
implementation, in terms of the mixed methods research. As a result, validity of the proposed 
engineering education model using the underwater robot teaching material and enhancement in 
academic skills and self-efficacy were confirmed from this education method. 
Chapter 6 discussed education effects obtained in a ROBOCON which was conducted over 
two years to verify the effects on a large number of learners. The evaluation was converged with 
qualitative evaluation of the implementation and mixed methods evaluation from the questionnaire. 
As a result, validity of the proposed model and enhancement in academic skills and self-efficacy 
were confirmed from the ROBOCON. Therefore, it was verified that the education and evaluation 
methods using the proposed engineering education model based on a mixed methods approach have 
their effects. 
In Chapter 7, the results obtained in this study were summarized. 
